Introduction {#S0001}
============

The current standard of care for people with hemophilia (PWH), the replacement of exogenous coagulation factor, has improved significantly in recent decades but remains suboptimal in terms of progressive joint damage, the potential for inhibitor development, poor adherence to therapy and reduced quality of life due to the need for lifelong intravenous injections.[@CIT0001]

Gene therapy is an attractive therapy strategy for PWH because it eliminates these limitations by providing the potential for stable long-term expression of endogenous coagulation factor activity with one single treatment.

In recent years, Phase 1/2 studies with adeno-associated virus (AAV) vectors have shown that a single administration of AAV vectors can lead to long-term expression of the transgene.[@CIT0002]--[@CIT0006]

Some Phase 3 studies are ongoing to investigate whether the results of Phase 1 studies can be transferred to larger patient populations.

Preliminary data from phase ½ hemophilia B clinical trial conducted in the Netherlands, Denmark and Germany (AMT-060) have been published.[@CIT0005] This study was based on AAV5 vector with wild-type F9 cDNA in two doses (5×1012 to 2×1013 vg/kg).

After 3.5 years of follow-up, there was stable endogenous FIX levels in both cohorts (mean FIX activity between 5.1% and 7.5%) with continued reductions in annualized bleeds to near zero with the higher dose, and a 78--96% reduction by year in exogenous FIX use.[@CIT0007]

Apart from case reports, there is no knowledge about the personal experience of patients after gene therapy of haemophilia.[@CIT0008] Recently, a multistakeholder group recommended that the transformative nature of gene therapy could be a core part of the outcome measures studied yet an established methodology or instrument to capture this is lacking.[@CIT0009] Therefore, we studied the experiences with conventional and gene therapy, the effects of the forms of therapy on everyday life and experiences with participating in the study.

Methods {#S0002}
=======

In this retrospective case study, guideline-based telephone interviews were conducted with all the three study participants in Germany who had undergone gene therapy as part of the Phase 1/2 study described above[@CIT0005] about 3 years ago. These are white male patients with severe hemophilia B aged 33--35 years at the time of receiving gene therapy, with weights ranging from 71 to 89 kg. All three patients performed regular prophylactic replacement with a factor IX concentrate prior to the gene therapy, and reported 0--7 bleeds in the year prior to the treatment, with Hemophilia Joint Health Scores of 0--8.[@CIT0005] The interviews were conducted by two independent scientists, audio recorded, verbatim transcribed, pseudonymised and evaluated with thematic analysis in a deductive-inductive procedure.[@CIT0010] Clinical data were collected from the patient's files. All data were pseudonymized. Each participant received an unique identification number.

The study was approved by the Ethics Commission of the Goethe University Frankfurt. The patients received patient information and gave their written consent to participate in the study and to process their data. The patient consent included the publication of the case details.

Patient experiences with gene therapy including physical, social and emotional aspects were collected through qualitative, 40--60 mins lasting telephone interviews. The interviews were structured by a pre-defined interview guideline including questions on: Gene therapy: conduction, efficacy, satisfaction and challenges, reasons for participating in the trialSocial aspects such as work, family, friends and social activitiesPhysical aspects such as impairments, mobility, daily routineEmotional aspects such as fears and concerns, expectations, feeling ill or feeling curedPatient care such as preinformation on gene therapy and support

Furthermore, the interviews focused on patients' experienced changes when switching from conventional factor replacement to gene therapy.

To better understand the impact of gene therapy on the daily life of patients with haemophilia, the manuscript was conducted on the basis of a guideline with questions on topics such as "dealing with illness", "participation in studies", "perception of conventional therapy", "perception of gene therapy", "significance of participation in gene therapy studies", "therapy of haemophilia after the end of the study".

Results and Discussion {#S0003}
======================

All study participants reported that the disease played a greater role in their childhood and adolescence than in adult life. They reported the parents' concern as well as limitations in sports. In adulthood, the disease no longer played a major role in the family. Special restrictions are still experienced in sports due to the avoidance of potential bleeding.

The patients performed regular prophylactic factor substitution at an injection frequency of once weekly to every other day, which was not perceived as very stressful. In fact, the injections had become routine.

As motivation for participating in the gene therapy study, interview partner A reported that he had already participated in studies as a child and was therefore very willing to participate. Interview partner B, who has already participated in several studies, reports similar results. Interview partner C reports that he was "immediately open to it". The process of information and consent to the participation in the study, however, was very long and complex.

Although all interviewees perceived conventional therapy in a similar way, they differed in their perception of gene therapy.

Interview partner A quickly became familiar with gene therapy, especially in typical situations where he would have had to substitute coagulation factors with conventional therapy. He feels safer with gene therapy. However, he had initially hoped for a higher factor increase and was now surprised that even the comparatively low factor level was sufficient to make a noticeable difference. In everyday life, it is as if the disease no longer existed.

Interview partner B, on the other hand, found it more difficult to change, to let go of the old injection routine (such familiar with as brushing his teeth) and to trust in the functionality and effectiveness of the gene therapy. He found the breaking with the old injection rhythm, with the routine that he felt was vital, stressful and described the doctors' request to omit the prophylactic injections as difficult. He describes that short after start of the study his upper ankle joint was swollen several times and that in these situations he was worried that this might be due to bleeding. He knew that an increase in the coagulation factor was still detectable. However, this fact alone, unlike interview partner A, did not reassure him or make him fully believe in the effect and functionality of the therapy. For him, the factor values in the blood alone were "too abstract to have this confidence".

In this sense, it had helped him a lot that his attending physician had taken his fears due to the swollen joint seriously and had performed an MRI several times. The many examinations that proved that he was not bleeding into the joint finally calmed him down. He welcomes the fact that frequent injections "no longer have to be in the back of my mind".

Like interview partner A, interview partner C also feels safer with gene therapy. He describes the elimination of prophylactic injections as an "improvement in the quality of life": Like interview partner A and unlike interview partner B, it is easy for interview partner C to do without the routine of injecting and trust the new therapy. He is aware of the principle of the gene therapy and trusts the assessment of his treating physician and the measurable factor values in the blood.

The current presence of the disease (after gene therapy) in the interviewees' minds was very different: All study participants reported that a central advantage of gene therapy was that one no longer had to "keep syringes in mind" and that gene therapy "freed up capacities" in him. In addition to the time required for administration, gene therapy also saves time for the procurement and storage of conventional medication.

Interview partner A reported that the disease was no longer present in his everyday thinking. When he thinks of the disease, it is in the context of the controls and his interest in the level of the factor in his blood. Interview partner B also reported that "one no longer thinks about it" except in exceptional situations such as holidays, when the coagulation factor has to be taken along for possible exceptional situations or as part of routine checks.

Everyone has started to become more active and do more sports. Patients started with sporting activities, which they had always been discouraged from doing in the past. One patient started with skating, one patient with karate sports without any traumatic bleedings.

Interview partner C describes himself as "more willing to take risks" as a result of gene therapy. The participation in the gene therapy study generally gave him a very positive feeling for the future. Gene therapy has made his life "a bit more normal" and gene therapy also gives his underage family members and their parents confidence.

All three study participants feel it as burdening not to know exactly how long the effect would last. However, if the possibility exists, they all would be willing to get treated again with gene therapy, either in studies or after license of this product. One study participant believes that psychological help should be provided in the event of a decline in gene expression: "Because if I am Superman and suddenly no longer have super powers, it's difficult to deal with this alone".

One study participant emphasizes that the prospect of having to bridge the time until a new gene therapy study with syringes is not a problem either, another participant is very confident that he will be able to obtain a form of gene therapy in the future either as part of a follow-up study, a study on another experimental gene therapy method or as a standard medication.

Conclusion {#S0004}
==========

From these guideline-based telephone interviews can be concluded that gene therapy has the potential to change the life of patients with haemophilia not only by the reduction of bleeding events but also by the increase of active and sportive activities leading to a "normal life", regardless of the genetically underlying bleeding disorders.
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